The structure and stability of the rutile structure of Si02 and Ge02 and of three other putative hexacoordinated poly morphs, namely the anatase, pyrite and a-Pb02 structures, have been investigated by the Periodic Hartree-Fock method. A universal basis set allowing accurate calculations on both silica and magne siosilicates has been designed for this purpose. The optimized structural parameters and equation-of-state coefficients of these four polymorphs are reported. The calculated values for the rutile structure are in good agreement with the available experimental data. It is shown from the calculated equations of state that, for Si02, only the stishovite phase is stable in the 0-200 GPa pressure range, whereas, for GeOz, the phases with Pbcn and Pa5 symmetry become stable above 60 GPa.
Introduction
At low pressures, the silica polymorphs are con stituted of networks of vertex-connected Si04 tet rahedra. This is the case of quartz, cristobalite, tridymite, coesite, keatite and of most glasses. Und er high pressures, the PV contribution to the Gibbs free energy becomes important and the structure corresponding to small Si02 molecular volumes are thermodynamically favoured. The re duction of the molecular volume can be achieved either without any change of the silicon coordi nation by changing the topology of the tetrahedral network in addition to shrinking the tetrahedra or the ben ding angles, or by increasing the coordi nation from 4 to 6. The former mechanism is hampered by the interatomic repulsion, whereas the latter already yields a significant reduction of the molecular volume for interatomic distances larger than the sum of the atomic radii.
Above 10 GPa, the stable modification of sili ca is stishovite. It has the P42/mnm (rutile) struc ture and is built of Si06 octahedra in which the 001:1 0.1127/ejm/6/1 10007 equatorial and apical SiO bonds are respectively 1.757 and 1.809 A in length (Spackman et al. , 1987) . For other M02 hexacoordinated oxides there exist a large variety of structures (for in stance rutile, anatase and brookite for Ti02) and the quest of hexacoordinated silica modifications has given rise to an intensive experimental and theoretical activity.
On the experimental side, diamond anvil cells and shock waves have been used for this purpose and evidence has been found for the a-PbOrlike (Pbcn) (Gerrnan et al. , 1973) , modified niccolite like (P6 3 /mmc) (Liu et al. , 1978) and CaClrlike (Pnnm) (Tsushida & Yagi, 1989) structure type. However, in such high-pressure experiments a hy drostatic compression is very difficult to obtain and, therefore, none of these polymorphs has been confirmed to ex ist as a stable phase and their ex perimental occurrence could be ascribed to the anisotropy of the applied stress.
Theoretical predictions are based on the one hand on calculations involving empirical or ab ini tio atom-atom potentials and, on the other, on the 0935-1221/94/0006-0007 $ 2.50 f:' 1994 E. Schwcizerbart'schc Verlagsbuchhandlung. D-70176 Stuttgart
